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SUMMARY

EVALUATION7 OF SOVILT AUTOMATIC AIRCRAFT GUNS

27MM NS AND 37MM N

A. Purpose

The purpose of t]is study is to present a technical evaluation of

Soviet 37= . Automatic Aircraft G zis. T'his evaluation. will consist of de-

termining the physical characteristics of the 37mm NS Weapon, estimating its

performance, and pictorially representing its operational features. A hy-

pothetical design for the 37m N Gun has been prepared, and characteristics

of the weapon have been computed. It is assumed by the Air Technical In-

telligence Center that the 37mm N Gun is similar in operating principles to

the 23rn and 37=m NS Guns.

B. Factual Data

No 37mm NS Guns were recently received in the U. S. (without am-

munition) and were available for physical examinatioxi. This type of weapon

was known to be installed in Soviet fighters and attaci aircraft during

WorlC Oar i. It was mounted either in the "V" of the engine to fire

through the propeller hub or in the wing position. Information concerning

the design of the 37m N Gun was obtained by correlating physically avail-

able components such as cartridge cases, projectiles, and a link chute with

the design of the 37m NS Gun and by deducing certain design features from

study of a damaged Soviet ,UG-15 fighter which carried such a weapon.

Fuxther information was obtained from photographs. The 11G-15 fighter is

the same aircraft which also carried the 23r= NS Gun described in Report

TP-AZ-2, "Evaluation of Soviet 23101 Automatic Aircraft Gun," Project No.

ARMOUR ASSCARCi4 FOUNDATION OF ILLINOIS INSTITUTE OF TGCWNOLOGY
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30033, dated February 1, 1952, issued by the Air Technical Tntelligence Cen-

ter at Wright Patterson Air Force Basp. Tn 37mm N Gun was not recovered.

Physical evideuce concerning the 37= N Gun may be tabulated. as

follows:

1. An impression of a portion of the forward section of the gun was

made in the fairing surrounding it when the shove mentioned airplane crashed,

Fig. 46 and 47,

2. A portion of tLL link chute was recovered.

3. An empty cartridge case, link, and projectile are on hand,

Fig. 38.

4. The distance from the center line of the link ejection port to

the muzzle was known fro photographs.

5. The length of the gun bay in the MIG-15 limited the over-all

length of the gun to 100 inches.

The following work was done on the evaluation program for these

weapons:

37mm NS Gun

1. Detailed descriptions of the operating principles were made.

2. Schematic drawings were prepared representing the various mech-

anical actions.

3. A timing diaram was made in the form of a bar graph.

4. Performance of the weapon in terms of muzzle velocity, cyclic

rate, and trunnion reaction were computed.

5. Photographs of the weapon and its disassembled components were

taken.

6. A parts list was prepared to aid in identifying the various

components.
ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTE OF TECHNOLOOY
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37rn N Gun

1. A hypothetical design for a 37am N Gun was prepared.

2. Schematic diagrams were prepared to represent the various mech-

anical actions.

3. A timing diagram was made.

4. Muzzle velocity, cyclic rate) and trunnion reaction were computed.

C. Diget

1. The 37mm NS Gun

A 37m 173 Gun was recovered by Intelligence sources in the Soviet

zone of Germany. This weapon was turned. over to the Air Technical Intelli-

gence Center by the Office of Chief of Ordnance to support a project for the

estimated physical and performance characteristics of the 37rm N Gun carried

by the !'DG-15. Stamping on the gun placed the time of manufacture in 1943,

and Intelligence sources indicated that weapons of this type were used some-

what earlier in World War IT by the Soviet Air Force.

The Soviet 37rm 13 Gun is a belt fed, percussion-fired, !hort

recoil operated aircraft gun. It has a rotating head bolt which is locked

to the barrel extension during the high pressure stage of the firing cycle.

The bolt is unlocked and. set into motion relative to the barrel extension by

the accelerator lever, actuated by the recoil of the gun. The bolt is rear

seared during each cycle in automatic fire, and is released as the feeder

completes its feed stroke. The feeder is powered by aprings which are

charged by a cam actuated by a shoulder on the barrel extension during re-

coil. The firing cycle in automatic fire is completed when the bolt drive

spring returns the bolt to the battery position after the rear sear has been

released by the feeder action. When the bolt completes locking upon its re-

turn to battery the next round is fired, and the cycle is repeated. The gun,

ARZMOUR RESEARCW FOUNDATION OF ILLINOIS INSTITUT9 OF TEChNOLOgY
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inclUizg the pnesati: charging hose assembly (assxed to weigh 3-1/2

counds), weighs 362 pounds. The over-all length of the Tun is 134 inches,

the height is 9-3/4 inches, and the width is 16-1/2 inches. Opposite hand

feeding is accomlished by inverting the gun.

Components for this weapon we mainly macihined from the solid,

although the cylinder for the hydraulic recoil brake is a casting, and the

sear release lever and feeder latch are either castings or rough forgings.

The Taide rod for the bolt charger return spring is made from a salvaged

rifle or machine gn barrel (about Cal. .30) as evidenced by the rifling

grooves in its interior. A duplicate weapon in the possession of ATIC at

Wright-Patterson Air Force Base also has a rifled barrel modified for use as

a bolt charger return spring guide. Since ammunition was not available for

this weapon a cast was made of the chamber in the barrel, and from the out-

line of the casting the shape of the cartridge case was determined. It is

assumed that this cartridge utilizes the same ;rolectiles as the 37= N Gun,

samples of which are available. No powder ccmpQsition data are known, but

a propellant weight of 3164 grains and a muzzle velocity of 290 ft/sec as

reported by Intelligence sources are assmed as correct and are used as a

basis for computations. The calculated trajectory for this ammunition is

show n in Figs. 9 and 10.

Table I below lists comparative data on the 37m IS and 37nm 11 Guns.

Table I

37am N 37Nm V

Muzzle Velocity, fps 2950 AI-T 240EI-T 240

Cyclic Rate, rpm 315-345 400-450

Weight, lb 358 300

Length, in. 134 92-3/t
Height, in. 9-3/4 9-1/8
Width, in. 16-1/2. 14

A MOUR RGS ARCW FOUNDATION OF ILLINOIS INSTITUTE OF TECHNOLOGY
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2. The 37,m N Gun

On the basis of infor-atior available to intelligence on the 37

N Guin in the MFIG-15, and its assumed-relationship to the 23--. N Gun in the

11=G-15, Arnou. Research Foundation was requrested to prerare an estimate of

physical and performance chaacteristics of this weapon. Study of the 37mm

NS Gun disclosed that the 37mm N Gun in the KIG-15 did nct use the same com-

plete round of ammunition; however, the design relationship was strengthened

when the similarity between the old 37nm No and the postwar 23mm NS was ob-

served. Intelligence sources confirmed the identity of the new gun as a

37=m N type. The earlier designation NS stood for the aircraft gun design

team of Nudelman and Suranov, and the only conclusion that may be drawn from

the nw designation is that Suranov is not credited with the design of the

new weapon. This weapon was apparently designed after the war to meet the

installation requirements f ci jet fighters. Its first confLrmed use was in

the MG-15, and it was possibly installed in earlier IMG-9's.

It is considered logical to assume that the operation of the

Soviet 37mm N Gun is identical to that described for the 37mm NS Gun. The

hypothetical design prepared for this weapon depicts a gun which weighs 300

pounds, is 92-3/4 inches long, 9-1/8 inches high, and 14 inches wide. This

desi. is consistent with all known data on the weapon and ammunition, in-

cluding the imprint in the airplane fairing and phctographic information.

Computations were based on the fact that the drop of its projectile should

match the drop of the projectile for the 23= 1B Gun mounted parallel to it

!n the 'ZG-15 at a range of 1200 yards, with a forward airplane velocity of

600 -ph at 30,000 feet altitude. This muzzle velocity is 2340 fps for the

API-T projectile and 2400 fps for the HEI-T projectile. The calculated

trajectories are shown in Figs. 42, 43, 44, and 45.
-ARMOUR R ISCAPC 1FOUNDATION OF I NL L INCIS INSTIUT O T CHNOLOGY
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The following physical data concerning the 37nn N Gun were do-

tained from the imprint in the fairing and photographs:

a. Distance from end of barrel to front of fairing, in. 12.3

b. Distance from end of barrel to S of case ejection

port, in. 67.8

c. Outside diameter of recoil spring, in. (approximate) 4-1/4

d. Wire diameter of recoil spring, in. (approximate) 9/16

The axial distance from the end of the barrel to the center line

of the case ejection port established the location of the feeder, since ejec-

tion for this weapon is directly in line with the feeder. The length of the

complete round established the length of the feeder, and the length of the

bolt and its travel were roughly known by both geometric limitations and the

proportions of the 23m, NS and 37am NS Guns. Considrati= of these factors

led to a gun length of 92-3/4 inches. The length of the gun bay in the MIG-

15 was such as to limit the over all gun length to 100 inches. The gun as

represented in Fig. 48 is a logical design in every respect except that more

length than is necessary appears in the receiver between the front of the

feeder and the front mounting point. This length is dictated by the relative

location of the imprint in the fairing and the location of the feeder. It

should be understood that the location of the front mounting point is arbi-

trary and was selected as shown to conform roughly with the 37m NS Gun.

The front mounting point could be moved 9 inches rearward without changing

any mechanical or structural features or contradicting any known data.

The secondary recoil spring (Fig. 48) is not known to exist, but

it increases the cyclic rate of the weapon and gives some reason for the long

forward structure surrounding the barzel, which does not exist in the 23m IM1

ARMOUR RISLARCN FOUNDATION OF ILLINOIS INSTITUTE OF TSCHNOLOeY
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Gun. its function is duplicated in the 37mm NIS recoil system, which has a

secondary spring which also acts only near the end of recoil.

D. Conclusions

On the basis of the investigation it is concluded that the 37M- IM

Gun has a muzzle velocity of 2950 fps and a cyclic rate of from 315 to 345

rpm, while the 37e N1 Gun has a muzzle velocity of 2340 fps for API-T ammu-

nition amd 2400 fps for EMI-T amunition, with a cyclic rate of fro 400 to

450 -Pm. Since the weapons are similar functionally and structurally (with

the exception of the location of the recoil springs) the advantages for both

are similar and may be listed as follows:

1. Mechanical Ruggedness

It is probable that parts breakages are rare in these weapons,

since the working parts are sturdy and apparently stressed only to reason-

able levels.

2. Dependability

The method of feeding is positive throughout. Since the empty

case is pushed out by the incoming round which, in turn) is positioned into

the T slats in the face of the bolt while the bolt is stationary, feeding

jams should be rare. Extraction and ejection are gentle and positive. Zn-

line raemin contributes to dependability.

3. Low Silhouette

This feature is of significance in aircraft gun installations

where space limitations demand minimum gun profiles.

4. Relatively High Belt Pull

It is probable that belts of considerable length can be fed

without amunition boosters.

ARMOUR R9;SEARCH FOUNDATION OF ILLINOIS INSTITUTE Of TECHNOLOGY
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5. Reliability

Operation of these guns should be reliable under a wide range of

clirzatic conditions.

6. Cyclic Rate

The cyclic rate of both these weapons is high considering the

cal1ber of the amu;nition fired.

7. Manufacturing Facility

These guns are adaptable to decentralized manufacturing since

Generral purpose machine tools can be used for the construction of most of

their components.
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PART I

REPORT ON THE SOVIET 37MM NS AUTOMATIC AIRCRAFT GUN

I. PHYSICAL CHARACTERISTICS OF THE 37MM NS GUN

A. Gene r1

The weapon is a belt-fed, percussion-fired, short-recoil operated

aircraft gun. It has a rotating head bolt which is locked to the barrel ex-

tension during the high-pressure stage of the cycle. The bolt is unlocked

and set into motion relative to the barrel extension by an accelerator lever

which is actuated by the recoil of the gun. The bolt is seared rearward

during every cycle in automatic fire, and is released as the feeder completes

its feed stroke. The spring-operated feeder is charged through the actuation

of a cam by a shoulder on the barrel extension in recoil. The gun cycle is

initiated when the bolt is released by a rear sear. alloing the drive spring

to return the bolt to the battery position are fire the round.

The gun fires API-T or HEI-T amunition (Fig. 11 and 12) and design

features indicate a metallic, open-link, disintegrating belt which is similar

to that used in the 37= N and 23am NS Guns. See Fig. 37 for a photograph

of the link for the 37m N Gun.

The gun is mounted near the front of the receiver in a spherical

bearing, which allows universal motion for harmonization. The mount for this
gun is not available, but it is probable that the front portion is similar to

that used on the 23mm M Gun, consisting of a hinged outer bearing race which

can be opened for installing the gun. The rear mount can be either a pin pro-

truding into the recoil spring housing or a clamp around the outside of this

housing. Either method can easily incorporate provisions for vertical and

horizontal adjustment.

ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTE OF TICHNOLOSY
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B. Basic Gun Data

Physical data of the gun as measured or calculated are as follows*

Weight of gun (including pheumatic line

assembly, solenoid, and valve), lb 362

Weight of pneumatic line assembly, col-

enoid and valve (assumed), lb 3-1/2

Over-all length of gun, in. 134

Over-all height of gun, in. 9.75

Over-all width of gun, in. 16.5

Length of barrel, in. 90.75

Weight of barrel, including sleeves, lb 90.6

Weight of recoiling parts (including

bolt) lb 165.64

Weight of bolt assembly, lb 14.78

Weight of feeder asseebl.y. lb 42.82

Weight of sear mechanism, lb 4.42

Muzzle velocity (99I-T), fps Based on

Muzzle velocity (API-T) fps intelli- 2950
gence data

*Rate of fire (fixed gun, free firing), rpm 315-345 I
4Maximum trunnion reaction, lb (see Section VII) 4600+

Rifling

Number of grooves 16

Depth of grooves, in. 0.018 -

Width of grooves, in. 0.191

Width of lands, in. 0.097

*Calculated data are designated by asterisks.
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Rifling (Contd.

Approx. 1 turn in
Twist (uniform, RH) 30-1/2 calibers (60)

Length, in. 82.9

Bore of Barrel

Across rifling lands, in. 1.460

Across riflin6 grooves, in. 1.496

Travel of projectile in barrel) in. 83.4

Springs (Only main operating springs are included)

Drive SprinA (four strands)

Outside diameter, in. -1/

Free length, in. 40.0

Number of coils 66

Diameter of wire (four st,&Aaw) approx. 0.240

Rate, variablep lb/in. See Fig. 33

Feeder Spring (Outer)

Outside d1 eter, in. 1-35/16

Fr lenofli in. 8-7/8

No. of coils 14

Diameter of wire, in. 0.355

Rate, lb/in. 426

Feeder Spring (Inner)

Outside diameter, in. 1-3/16

Fee length., in. 10-14

Nos of coils 28

ANMOUR RESEANC14 FOUNDATION OF ILLINOIS INSTITUTE OF TECHNOLOGY
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Feeder Spring (Inner, contd.)

Diame er or wire, In. 0.175

RBate, lb/In. 48-1/2

Recoil Spring (Outer)

Outside diameter, In. 4-1/2

Free length, In. 18-3/4

Number of coils 12

Diameter of vire, in. 0.568

Rate, lb/n. 209

Recoil SB in (Inner)

ODUtde diaeter,. In. 3

Free length, In. 13-1/2

N, ,er of coils 14-1/2

Diameter of vire, n. 0.470

Rate, lb/In. 362

Diameter of charging piati (bolt, in.) 1-9/16

Diameter of charging Pisan (feeder, in.) 2-9/16

C. Ammunition Data

AFT-T MZ-T

over-all length of cartridge, In. 12.78 13.0

Length of projectile, In. 6.49 7.0

Length of cartridge case, In. 7.66 7.66

Diameter of projectile over rotating band, in. 1.469 1.469

Diameter of projectile over Bourrelet, in. 1.457 1.457

Weight of complete round, 1b 3.75 3.66

Weight of projectile. 1b 1.694 1.61
ARMOUR RSEARCII IOUNOATION OF ILLINOIS INSTITUTI OF TGCMNOLO@Y
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*Weight of cartridge case, lb 1.60 1.60

Weight of propellant, grains 3164 3164

*Capacity of cartridge case (to base of

projectile), cc 260 260

Density of loading - volume basis unknown

Density of loading, weight basis,

gaMs/cc approx. 0.789 0.789

Weight of belt link, lb (assumed similar

to 37= N) 0.3 0.3

The barrel is not adaptable for quick replacement without tools,

although with very few exceptions all components of the gun are readily de-

tachable, and it can be rapidly stripped for servicing. This weapcn creates

a general Impression of reliability.

The major structinval parts are the receiver and barrel extension.

Both are relatively complex, and are apparently machined from the solid. The

maximun feeder pull, based o the force exerted by the cocked springs, is

Q100 pounds. The feeder is a well-interated coponent and its constituent

parts are sturfy. Heat-treated steel is used on the major working peart ,

and chroe facing appears on the feeder slidep link stripper, recoil buffer

lug, and feeder spring cap. Welding appears only m the charger cylinder,

and no sheet wetal stampings are used.

D. Parts List

A parts list has been prepared, assi= to the major caponents or

assemblies an item nunber, title, and a correspondin reference number for

f ures in Section I of this report.

Calculated data are designated by Mterisks.
ARMOUR RISAICH FOUNDAION1 OF IL.NOIG INSTITUTZ OF TCCHNOLOSY
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ItmNo See Fig. 4) Zakl Additional Fist.

B.farel 1:17

2. Barrel Support 17

3. Receiver Assembly 14, 1.5

4. Recoil Spring S~leeve 18

5. Recoil Spring Housing 18

6. Recoil Spring Stud 18

7. Recoil Spring, Outer 18

8. Recoil Spring, Inner 18

9. Bolt Charger Piston Assmly 23

10. Bolt Charger Mut23

12. otCagrMutKy1

13. otCagrSpigGie2

14. Bolt Charger Return Spring 23

15. Bolt Charger Lug 23

16. Barrel Support Lock 13

17. Accelerator

18. Barrel Extension Assembly 18

19. Sear Aose*31y 27, 28

20. Sear Mounting Pin

21. Bolt Head 21

22. Bolt Body 21

23. Bolt Pawl Components 21

24. Bolt Gate 21

5. Firing Pi~n Coponents 21

ARtMOUR fAECI4RC FOUNOATION OF ILLINOIS INGTITUU OF TGC14NOLOIDY
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26. Barrel Lock

27. Link Stripper Assembly 16

28. Feeder Charger Piston Assembly 16

29. Feeder Charger Cylinder 16

30. Feeder Slide Lug 16

31. Feeder Cover Plate 16

32. Feeder Assembly 14, 15

33. Drive Spring

3-. Feeder Spring Cap 16

35. Feeder Springs (Inner and Outer) 16

36. Feeder Spring Housing 16

37. Feeder Cam Plate 16

38. Recoil Brake Mounting Wedge

39. Recoil Brake Housing 24

40. Recoil Brake Throttling Rod 24

41. Recoil Brake Cap 24

42. Recoil Brake Piston Assembly 24

43. Recoil Brake Mounting Lug Components 24

a
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II. DESCRIPTION OF THE GUN ACTION

A. Firing Cycle

See Fig. 6 for schematic operating diagrams. When the gun is

ready to fire, the bolt 'I held in the rear position by the trigger sear.

The feeder springs are expanded, and a cartridge is positioned in the T-

slot in the face of the bolt.

When the trigger sear is actuated, the sear (Item 19) releases the

bolt and the drive spring sends it home against the barrel, chambering the

round. The head of the bolt (Item 21) strikes the base of the barrel and

stops. The body of the bolt, (Item 22) continues forward, and a pin in

the bolt bodyr extension follows a cam groove in the bolt head, causing the

head of the bolt to be rotated so that the locking lugs on the bolt head

engage recesses in the barrel extension (Item 18), locmng the bolt head

to the barrel extension. Rebounl of the bolt body is prevented by a spring-

loaded pawl (Item 23) which snaps into a recess in the barrel extension.

As the bolt body nears the end of its forward travel, 5/16 inch

after the bolt hed is locked, the firing pin (Item 25) fixed to the bolt

body, is brought into contact with the primer, firing the round.

When the round fires, reaction against the bolt head. causes the

bolt assembly, barrel extension, and barrel to move rearward, because the

bolt bead is locked to the barrel extension. After abou 4.5 inches of

recoil travel, the accelerator (Item 17) pivoted in the receiver, starts

to move the bolt body rearward at an increased velocity, causing it to cam

the bolt head locking lugs out of enagement with the recesses in the barrel

extension. This is possible because the pawl which prevents tma bolt body

from rebounding is disengaged from the barrel extension during recoil by

the camd±g action of an intermediate lever between the receiver and the
AIMOUR IISK:AfCUi FOUNDATION OF ILLINOIS INSTITUTE OF TECHNOLOGY
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travel of the barrel extension is about 7.7 Inches. When recoil is com-

pleted, the energy stored in the recoil springs acts to return the barrel

and barrel extension to battery. During the recoil stroke the hydraulic

recoil brake (Fig. 24) exerts a varying resistance to recoil in order to

dissipate excess recoil energy in the form of fluid friction. The heaviest

resistance to recoil is offered during the first three inches of travel.

This brake also acts to slow the moving parts in counterrecoil, offering

its greatest resistance during the last three inches of counterretoil.

ThIS effect reduces the Impact of the counterrecoiling parts as they reach

battery, since the recoil springs are not arranged to provide a resilient

overrun In co'mterrecoil.

When the barrel extension is 0.8 inches from battery on its

counterrecoll stroke, a cam on its side releases the latch holding the

feeder cam plate, which allows the feeder springs to expand. The expansion

of the feeder springs operates the feeder slide (Fig. 16), which forces a

new roumd against the empty case held in the T-slot on the face of the bolt

head (which is held in aligment with the round being fed by the feeder-

operated sear) and pulls in the smunition belt. The links are stripped

from the rounds In the feeder by the link stripper assembly (Item 27) and

discharged through the bottom of the gun. When the feeder cam plate is 0.5

inch frcm copleting its feed stroke, it actuates a pin in the receiver

(Fig-. 15) which causes a stop pawl In the barrel extension (Item 18) to be

moved out into the path of the round being fed, causing it to stop in the

proper position on the face of the bolt. A spring-loaded pin (Fig. 20) in

the face of the bolt acts to retain the cartridges on the face of the bolt

during ranming .

ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTe OF TI;CiNOLOOY
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As the feeder cam completes its stroke, it releases the sear

holding the bolt rearward and allows the drive spring to return the bolt

to battery, initiating another cycle.

B. Charging Cycle

See Fig. 7 for schemtic operating diagrams.

Charging is accomplished pnewatically through a system involving

two cylinders, one (Item ii) to move the bolt rearward against its drive

spring and one (Item 29) to charge the feeder springs. Both cylinders re-

ceive air under pressure simultaneously through a cam= valve.

During charodn , air under pressure acts on the bolt charger pis-

ton assembly (Item 9) in the charger housing (Item 11). Under this force

the piston moves rearward, causing the charging-lug (Item 15) to move the

bolt rearward and cccresm the drive spring (Item 33) and the bolt charger

return spring (Item 14). Simultaneous motion of the feeder cam plate (Item

37) depresses the bolt pawl, (Item 23), allowing the bolt body to continue

rearward under the force of the air acting on the bolt charger piston as-

seubly (Item 9). The rearward motion of the bolt body rotates the bolt

head lugs (Item 21) out of engagint with the recesses in the barrel ex-

tension (Item 18) thus unlocking the bolt and allowing the air pressure to

move the bolt completely rearward to the seared position.

Meanwhile, air undr pressure enters the charger cylinder for the

feeder (Item 29), exerting force on the charger piston assembly for the

F feeder, This force Causes the feeder cam plate (Item 37r) to be lifted,

thus compressing the feeder springs (Item 35) and moving the feeder slide

(Fig. 16) outward. The feeder pawls (Fig 16) are forced upward against

ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTE OF TECHNOLOOY

SECRET - T52-22901



SECRET
their springs by the rounds in the atmnition belt during this motion., The

rounds in the ammmition belt are held stationary during the outward motion

of the feeder slide by the action of the holding pawl in the feeder cover

plate (Item 31). After the feeder slide and the bolt have completed their

travel under air pressure the valve reverses, venting the air on the high

pressure side of each pieton. This allows the drive spring (Item 33) to

move the bolt forward until it is caught by the sear (Item 19). and causes

the feeder spris (Item 35) to move the feeder slide in. The feeder pawls

(Fig. l6); which in the outward position of the feeder slide moved down be-

hind the rounds in the belt under the force of their springs, pull the belt

Into the g=n and position a round in the T-slot in the face af the bolt.

The feeder cam plate releases the sear near the end of its stroke, causing

the bolt to be held rearward only by the trigger seer.

C. Loadinithe Weapon

To load the gim the feeder cover plate (Item 31) is opened and the

lInk of the leading round in the belt is engaged with the link stripper.

The feeder cover plate is then closod. After charging tice., the gum vll

fire upon, release of the trigger sear.

D. Tirnina Diagram

The cyc2ic tim of the gun consists of the following tim intervals:

1. The tim from firing to the full recoil travel of the barrel
extensicn, at which time the feeder springs are fully compressed.

2. The time of the barrel extension travel in comterrecoil to the

point at which the feeder is unlatched.

3. The te for feeding.

4. The time for the bolt travel from seared position to locked

position. A graphic representation of the timing of the motions of the

various components appears in Fig. 8.
ARMOUR 1EISARCH FOUNDATION OF ILLINOIS INSTITUTE OF TICHNOLOT
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III. KINEMATIC ANALYSIS

A. Introduction

The purpose of this analysis is to determine the performance of

the Soviet 37Iw NS Gun. Of primary concern are the trwmnion reaction and

cyclic rate.

The trunnion reaction is determined by the sum of all the forces

which act on the receiver.

The cyclic rate was determined analytically by the approximate

energy method which was used in the evaluation of the Soviet 23in NS Gun.

The cycle time is the sum of (1) the recoil time, (2) the counterrecoil

time up to the instant of feeder sear release, (3) the feeding time, and

(4) the raming time. Friction losses were accounted for by the introduc-t

tion of the same efficiency factors which were determined for the various

comcnent operations in the evaluation of the Soviet 23mm NS Gun.

Because an exact analysis of the effect of the hydraulic recoil

brolm would have been quite difficult and much too complicated to warrant

its inclusion in a simplified analysis of this type, the energy dissipated

by the brake was apportioned to various phases of the recoil cycle, Al-

though this simplified treatment may be slightly in error. the effect on

the over-all cyclic rate is small in view of the fact that cyclic rate is

a function of recoil and counterrecoll velocity which in turn varies as the

square root of the kinetic energy.

This analysis was guided by t 3 fact that the total recoil dis-

placement was confined within the physical limits set by the gun mechanism.

B. Nomenclature

x = Barrel extension travel measured from battery, in.
y = Feeder slide travel in
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z = Bolt travel measured from battery, in.

= , fps

& ~, fps
dt

dt f ps

where x, y, and z are used as subscripts, reference is made to re-

coiling parts, feeder, and bolt asseubly respectively.

K a Spring preload, lb

k - Spring constant, lb/in.

-Spring deflection

E = Potential energy, ft/lb

K.E. - Kinetic energy, ft/b

e = Angular displacement of feeder cam plate, radians

T = Torque acting on feeder cam plate, in-lb

= Feeder efficiency

IA g Accelerator efficiency

R a Accelerator ratio

W n Weight, lb

g = Acceleration due to gravity, (32.2 ft/sec2)

2Ilb-sec
ft

V m Muzzle velocity of projectile, fps
p

C. The Recoil and Counterrecoil Cycle

The recoil and counterrecoil cycle was divided into the following

phases:
ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTE OF TECHNOLOGY

SECRET -50



SECRET

1. Recoil frm battery position to the end of bhdraulic recoil

brake piston contact with counterrecoil buffer.

2. Recoil from the end of hydraulic recoil brake pistcn contact

with counterrecoil buffer to bolt contact with accelerator.

3. Recoil from bolt contact with accelerator to end of contact,

4 Remainde of recoil.

5. Couterrecoil to and of contact with secondary recoil spring.

6. Counterrecoll from end of contact with secondary recoil spring

to contact of bydraulic recoil brake piston with counterrecoil buffer.

7. Countrrecoil from contact of bydraulic recoil brake with

buffer to feeder seer release.

8. Remalnder of counterrecoil

Only the first seven phases were analyzed, because phase 8 has

no influence on cyclic rate or mxiun trunnion reaction.

As no amnmitiam is available for this gun, a value for initial re-

coil velocity was arrived at by employing the following semi-eMirical form-

ula.

W V +14700W I
0 W + W

where U = weight of projectile

WC = weight of charge.

The values for propellant weight and muzzle velocity were taken

frm intelligence data. Unless they are substantially in error, the cn-

puted value of cyclic rate should not be greatly affected.

*"Elements of Ordnance", T. Z. Hayes, p.242, Eq.. (4). loth printing.
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The initial recoil velocity is

1-§14 (2250) +4
0 153.0 + 15.3
*o = 42.2 :f s.

The kinetic energy of the recoiling masses, based on the -bove cal-

culated velocity, is

K.E.~ K.E. 1 + KEKEx + 2 '' + K z

K.E. + 1/2 1 (42.2)2 + 1/2 1 (42.2)2
x + 2 32.232.2

K*E' + = 4670 ft-lb

The relative displacements of the various components are showm

In Fig. 29.

1. Phase I

This phase begins when the gun is fired and ends when the by-

draulic recoil brake piston loses contact with the counterrecoil buffer.

The main recoil spring, the bolt drive spring, the feeder spring and the

bdraulic recoil brake act to resist recoil. The recoil displacement z

varies frn x - 0 to x - 3 inches.

The energy stored In any preloaded spring may be expressed as

follows:

S-(K) (+'- 6 1)+l/2 (k)('- d') 2

Where

K = preload

- deflection from preloeded position

C0 = predeflection
0

k - spring constant.
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The energy stored in the recoil spring is

E1 x 1/12 [601 (3) + 1/2 (209) W3) ] 229 ft-lb.

The bolt displacement z varies from z - 0 to z = 3 inches, and the energy

stored in the bolt drive spring is

E zl = 1/12 [98 (3) + 1/2 (19.1) (3)2] - 31.7 ft-lb.

The energy input into the feeder during each phase may be ex-

pressed as

y ae

where

Tar average resisting torque acting on the feeder cam plate

through an angle of rotation of A e.

The torque at any point is

Ky 1 +k ky I+Fp P 2

where

K * feeder spring preload

Smment arm of spring force

2- mment arm of pawl force

k w feeder spring constant

a angular displacement of feeder cam plate measured from

the feeder slide when gun is at battery.

F - force necessary to pull pawls under rounds.

During phase 1, the feeder cam plate rotates through an angle

of 0.1182 radian. The torque on the feeder cam plate at the start of phase

I is
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0o 1/3. [.06 (6.-75) + (47) (6.75)' (0) + 180 (11.25)-]

T a- 622 tt-mb.

The torque at the end of phase 1 is

Tz ,, 1/12 [806 (6.75) + (474) (6.75)2 (.1182) + 180 (11.25)]

T, w 835 ft-lb.

The energy input to the feeder is then

Ey=622 + 35 Ja2)861 ft-

and with an efficiency of 27 per cent, the value determined in the analysis

of the 23mn 16 Gum the energy taken from the recoiling masses is:

= = 318 ft-lb.

The energy lost to the ]ydraulic recoil brake Is aesued to be

l1j0 ft-lb.

The kinetic energy of the recoiling parts at the end of phase

1 is

K.E. + K2.i - 4670 - 229 - 31.7 - 31e - 1400 2690 ft-3b.

2. Phase 2

This phase begins when the bydraulic recoil brake piston loses

contac t with the counterrecoil buffer and ends when the bolt makes contact

with the accelerator. The recoil spring, the bolt drive spring, the feeder

spring and the byraulic recoil brake act to resist recoil. The recoil dis-

placement varies from x 3 to x 4.5. *1

The energy stored In the recoil spring is

~ it1/12 [28 (1.5) + 1/2 (209) (1.5)2] -1 ft-3.

The energy stored in the bolt drive spring is

ARMOUR RESEARCH POUNDATION Or ILLINOIS INSTITUTE OF TECHNOLOGY
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uz2 1/ [2 [55.3 (1.5) + 1/2 (19.-1) (1.5)2] - 21.2 ft-Li.

During this phase, the calculation of energy input into the

feeder is divided into two parts. During the initial part, the pawlo on

the feeder slide are being pulled under the rounds. During the subsequent

part, the pawls on the feeder slide are between rounds an therefore offer

no resistance to the motion of the feeder slide. The angular displacement

of the feeder cam varies from 0 a 0.1182 to e - 0.2133 raMan.

The pawls on the feeder slide are depressed between e. 0 aM

* 0..182 radian. The torque acting at e = 0.1822 radian is

T a 1/12 [(806) (6-.75) + (474) (6.7-5) (.182) + (l8o) (1.25)]

Ta =950 -ft1D.

The an y input for this pat i s tbarefore

+ 2N (.1822-.112K)
ye 2

z 57.1 ft-lb.
ya,

The torque at the start of the second part is

Tb - 1/12 [(806) (6-.75) + (474) (6-.75)2 (.3 )]

Tb T 82 ft-lb.

The torque at the end of phase 2 is

T2 - 1/12 [(8o6) (6.75) + (474) (6.75)2 (.2133

T - 838 f-b..

The energy put Into the feeder during the second part of phase 2 is

N ,782+838
2 (.2133 - .1822)

J = 25.2 ft-lb.
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The energy input to the feeder during phase 2 is

* E + +Ey2 Eya yb

E = 82-.3 ft-lb.y2

The energy removed from the recoiling masses to supply the re-

quired feeder energy is

y2 = - 305 ft-lb.

The energy lost to the hydraulic brake is assumed to be 360 ft-lb.

The kinetic energy of the recoiling parts at the end of phase

2 is

XeEe + K.E.z - 2690 - 194 - 305 - 360 * 1831 ft-lb.

3. Phase 3

During this phase of recoil, the bolt is unlocked from the

barrel extension by the accelerator and continues to its rearmost posi-

tion where it rebounds and is seared. The recoil spring, the bolt drive

spring, and the feeder spring store energy. The kinetic energy imparted to

the bolt by the accelerator in excess of the kin"Ic energy the bolt bad at

the start of this phase is neglectedp because, while theze is no way to de-

termine it directly, its order of magnitude is small. The recoil displace-

ment varies from x - 4.5 to x = 7.0 inches.

The secondary recoil spring starts to function during the last

0.06 inch of recoil travel in phase 3, and the energy absorbed by it must

be added to the energy absorbed by the main recoil spring.

* E 3  1/12 [j(1540~) (2.5) + 1/2 (209) (2.5 )2]
x3

+ 1/2[12)(.06) + 1/2(32 .6]
E X3 -- 384 ft-lb.
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The angular displacement of the feeder cam plate varies from

= 0.2133 to 0.324 radian.

The torque on the feeder cam plate at the start of phase 3 is

T2 - 838 ft-lb.

The torque on the feeder cam plate at the end of phase 3 is

T = 1/12 [(806) (6.75) + (474) (6.75)2 (.32)]
3

T3 - i040 ft-lb.

The energy input to the feeder is therefore

E 3 (.324 - .2133)

E 104 ft-lb.
E y3

The energy removed from the recoiling masses is

io4
n Y3'--. 386 ft-lb.

The energy absorbed by the bolt drive spring is

E23  1/12 ( [ ) (3.85) + 1/2 (19.1) (3.85)2]

E23 70.8 ft-lb.

This energ is oupplied through te accelerator at an efftciency

of 34 per cent, (the value determlned i the aialyals ot ti 23= QI ).

The enerW1 removed the recolig peA twz'ef i

'z3 " .F

Since the bolt separates from the recoiling parts by the end'

of this phase, it removes its share of netic enar&r from the recoillng

parts. The kinetic energy removed by the bolt may be determined by cam-

putinG the energy required to compress the bolt drive spring to the bolt

sear position, allowing enough kinetic energy to accomnodate variations.

ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTE OF TICHNOLOSY

SEC 58T52-19901SECRET -5



SECRET

It is aosumed the bolt strikes the rear stop with a velocity of 5 fPs.

This figure seems reasonable because a high striking velocity could result

in parts breakage, and insufficient velocity would cause the bolt to stop

short of the rear sear, resulting in a failure to fire.

K.E. . 1/32 [(257) (6.4) + 1/2 (19.1) (6.4)J+ 1/2 (5)2

K.E., 3  176 ft-lb.

It is assumed that the hydraulic recoil brake absorbs 315 ft-

lb of ener r during this phase. .

The kinetic energy of the recoiling parts at the end of Phase 3 is

K.E. 1831 - 384 - 386 - 208"- 176 - 315 362 ft-lb.
x3

4. Phase 4

During this phase, the recoiling parts continue to recoil until

all the reaminlng energy is removed by the hydraulic recoil brake and the

recoil springs.

It is assumed the hydraulic recoil brake absorbs 125 ft-lb of

energy during this phase. The remaining kiutic energy is therefore ab-

sorted by the recoil spring. The energy absorbed by the recoil spring It

EX4 - 362 - 125 - 239 ft-lb.

The travel of the recoiling masses beyond x - 7 is determined

from the energy equation

239 - 1/12 [(2060) (d) + 1/2 (209)d2]

d = .71 inch.

The total recoil travel is therefore 7.71 inches. This figure

seems reasonable since a minimum recoil travel of 5.61 inches is required

to sear the feeder and a recoil travel of 8.47 inches would produce inter-

ference between the recoiling and stationary parts of the gun.
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With this much known, the time required for the recoil stroke

may be calculated. Knowing the kinetic energy of the recoiling parts at

various points of recoil travel, and assuming linear variation with respect

to recoil between points as is shown in Fig. 30, the recoil time may be cal-

culated. Linear variatimn of kinetic energy with respect to recoil is of

course not strictly true; however, since velocity varies as the square root

of kinetic energy the error Introduced is small. Time was calculated by

the ntegral.

x

tuJM
T

0

where *, the recoil velocity is

.x z

On this basis, the time for recoil was determined to be 0.0313

second.

5. Phase 5

This phase of counterrecoil begins at the point of =Imum re-

coil xM x  7.71 inches and eds at x 6.94 inches, where the secondary

recoil spring ends contact with the comterrecoiling parts* The potential

energy which is released from the mia and secondary recoil springs is con-

verted into kinetic energy of the counterrecoiling parts. As the recoil

brake also acts in counterrecoil, the energy which it absorbs must also be

taken into account. Since the recoil brake defies simplified analysis,

and since even a large error in estimatim of the energy absorbed by the
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recoil brake has small effect on the cyclic rate, it was assumed that 80

per cent of the potential energy available appears as kinetic energy at the

end of this phase. Further, it was assumed that the kinetic energy in-

creased linearly with respect to counterrecoil displacement, as is shown

in Fig. 31.

The potential energy released from the recoil springs is

E 5 1/12 [2050) (.77) + 1/2 (209) , )2]

1/12 E1720) .77) + 1/2 (362) (.77)2]

E5 256 ft-lb.

The kinetic energy in the counterrecoiling mass at the end of

phase , is 80 per cent of this energy.

XC.E. 5 - (0.8o) (256) 205 ft-lb.

6. Phase 6

This phase begins at the point where the secondary recoil

spriln ends cmntact with the couoterrecoling masses, and ends where the

counterrcoil buffer makes contact with the hydraulic recoil brake piston.

The difplacement varies from x = 6.94 to x 3.00 inches. As in the pre-

coding phase, it is assumed that 20 per cent of the kinetic energy will be

lost to the hydraulic recoil brake.

The potential energy released by the recoil spring is

"A 0 i/1 [(1230) (3.94) +1/2 (209) (3.94)2]

Ex = 538 ft-lb.

To this, the kinetic energy which the counterrecoiling. parts had at the

start of this phase is added. As only 80 per cent appears as kinetic energy

at the end of this phase
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IC.E.x 6 = (0.80) (538 + 205) 595 ft-lb.

7. Phase 7

This phase begins where the counterrecoll buiffer makes contact

with the piston in the hydraulic recoil cylinder and ends when the feeder

sear in released. The displacement varies from x = 3.00 to x m 0.80 inct.

As the counterrecoil buffer causes large energy losses, it is asstmed that

90 per cent of the kinetic energy is dissipated in the hyd-aulic recoil brI:e.

The potential onergy released by the recoil spring is

Ex 7 0 1/12 [768) (1.2) + 1/2 (209) (1.2) 2

Ex7 - 89.4 ft-lb.

To this the kinetic energy which the counterrecoilina parts had at the

start of the phase must be added. As only 10 per cent of the input appears

as kinetic energy at the end of this phase,

K.E. (0.10) (89.4 + 595)

K.E.x 68.4 ft-lb.

The counterrecoil time was calculated in the same manner as the

recoil time and was found to be 0.0504 seconds.

D. The Feeding Motion

A free-body diagram of the feeder cam plate is shown in Fig. 32.

J21

FIZ 32 " BODY DIGRAM OF FEEDER CAL! PLATEl DURfIGT =1-1,G SThoE
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The feeding time was obtained by analysis. The equation of mo-

tion of the feeder is

K I~=(K kml$ 11' A2 -02 '

the solution of which for initial conditions, (0) a= 1. (0) is

- " K

= ~ (I cosG't)y| 1

irhere

y 1= natural circular frequency.
2

I, = feeder spring preload

h feeder sprin; rateY

mi - equivalent mass of feeder spring and cap

- mass of feeder slide and rounds

- angular deflection of the feeder cam plate

The time for full feeder deflection 0 = is the principal value of

-- arc cos

with the following values for the constants

= 474 lb/in.

K -2135 lb p
* y

J1 6.75 in. A

12 - 11.25 in.

I a 1.1046 lb-sec -in.
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ml - 0.00435 lb-sec2 /in.

M2 = 0.1017 lb-sec2 /in.

0o .15.65 a .2729 radian.

1 Vas found to be 0.0240 seconds. An additional 0.002 second was allowed

for stripping the Link from the round, bringing the total feeding time to

0.026 seconds.

E. Bolt Ramming Time

The bolt ramLng tim was determined by cosidering the bolt and

bolt drive spring as a simple spring mass system as sham in Fig. 33. The

effects of friction were neglected.

S

'iz. -33 SCAWIC DIM M AM _B=I3 DRIVE SPR=_ _37 GUN

Fram Newton's law of motion, the differential equation of motion is obtained:

The General solution of which, with initial conditions s (0) - 0 and & (0)

Vo is

~K a7

where

K a drive spring preload

k a spring rate
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mb = mass of bolt

V = initial bolt velocity

t a time.

An expression for velocity may be had by differentiating the above equation

with respect to time

A W K sinWt +V o cosW t
k 0

The belt drive spring was calibrated and was approximated with two spring

rates in unloading as is shown in Fig. 34. Therefore, it was necessary to

divide the analysis of the raming stroke into two parts.

38&

Bolt _"--

via. 34 a R ON O SLT DRIVE sren

PART A

The natural frequency of the spring mass syst for Part A is

A %

A 8E. (O N- AT36. 24I.2 rad/sec
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The tire required for the bolt to move from point p to point n can be cal-

culated by use of the displacement equation

K V0

S (I1- cosait) 4+ Lo qin&.t

s n (1 - cos 24.2 t) = 3.55

t - e0329 sec.

The velocity of the bolt at point n is

s=-wsin wt +V cos Wt

~=o- (24.2) sin 24.2 (.0329)
nl 28.0

A n  204.0 in./sec

PART B

The natural frequency of the spring mass system for Part B is

1 .8 .4 16.85 red/sec

Considering point n as a new origin, with an initial velocity, the time re-

quired for the bolt to move from point n to point m can be calculated by

use of the displacement equation

k ( - cosidt) + L sin wt

0201.0-13-(1 - coo 16.85 t) + 16.8 sin 16.85 t 11.338M =n= 13.5 - -

t .,0404 sec.

The total bolt ramming time is the sum of the time intervals for Part A and

Part B or 0.0733 seconds.
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F. Cyclic Rate

The cycle time is the sum of the time intervals of recoil, counter-

recoil to the point of feeder release, feeding and raming. The cycle time

is .1807 seconds, which corresponds to a cyclic rate of 332 rounds per

minute.

0. Trunnion Reaction.

It is probable that the maximum trunnion reaction occurs when the

bolt reaches the rearmost position of its travel and bottoms against the

recoil spring stud. The maximum trunnion reaction would then be the sum

of the recoil spring force, the bolt drive spring force and the impact of

the bolt striking the recoil spring stud. The recoil spring force and the

bolt drive spring force can readily be determined, but the impact force

cannot be readily computed. It is principally a function of receiver

stiffness, mount stiffness, and impact velocity, which was arbitrarily as-

sumed to be 5 fps. The impact force in all probability is much greater in

magnitude than the recoil spring and bolt drive spring forces combined.

The maximum combined recoil spring and bolt drive spring force is 460

pounds. This quantity, although of interest, is not the maximum reaction.

It should be noted that the maximum force will be of very short duration.

IV. CALCULATIONS OF PRESSURE-TIME AND PRESSURE-TRAVEL
CURVES

It was necessary to know If the required muzzle velocity could be ob-

taimed with the given barrel length, projectil.e and Proplelan' Viewes.

The required energ iput to shot ejection ws calculated by the fol1win

formula*

E input (X 2 0)
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where

W = projectile weight

W = weight of propellantC

x - muzzle velocity
0

The area under a pressure-projectile travel clove represents energy

input. By assuming a reasonable peak powder pressure and considering the

area required under the curve, the pressure-projectile travel curve in Fig.

35 was drawn. From this pressure-projectile travel curve, the energr input

up to any point of projectile travel is readily determine d, from which a

velocity-travel cuve can be drawn. From the velocity travel curve, a pres-

aure-time curve, Fig. 36, can be drom. Since the pressure-time curve ap-

pears resonable, it is concluded that the requined muzzle velocity can be

btained vith the given propellant weight and barrel length.

V. ANALYSIS OF RECOIL SPRING

The outer recoil spring for the 37tu W Gun was studied in some detail.

Coutations indicate that all helical springs in this weapon are stressed

to a very high level during operation, and the ofter recoil spring was

selected as typical for detailed study.

Calculations showed that at closed height this spring was subjected to

a maxim torsional shearing stress of 178000 lb/in.2 , which in extremely

high for this wire size. The chemical analysis of the spring material is

compared in Table TI with that of AISI 9262, which is a material used for

high duty springs at a hardness of Rockwell C50 to C54. The hardneas of

the Soviet steel was measured at Rockvell C58, which corresponds to a ten-

sile ultimate stress of 320,000 lb/in.2 .
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Table II

CHEMICAL AMALYSIS

Soviet Spring AISI 9262

Carbon 0.67 0.55 - o.65

Silicon 1.72 1.70 - 2.20

Manganese 1.23 0.70 - 1.05

Nickel 0.21

Chromium 0.57 0.20 - 0.50

Molybdenum 0.15 ....

Vanaditu 0.03 .... ....

Copression load-deflection tests of the spring showed elastic be-

havior all the way to closed height, corresponding to a load of approxi-

mately 2400 pounds. In tensile load-deflection tests, a yield load of only

1000 pounds was obtained* This is an indication that residual stresses

exist in the spring, which effectively raise the yield in compression.

This existence of residual stresses in cmpression springs is not

unusual. It is a result of a normal manufacturing operation known as bull-

dozing or scragging. During this operation a compression spring wound to

a length greater than the design free length is coMressed rapidly several

times to the closed height. During this operation the spring takes a set

such that the original free height less the set will give the design free

height. This bulldozing or setting operation builds up a residual stress

field that opposes the stress field set up during spring co*p ession, thus

giving an apparent increase in yield strength. In railroad spring design

in the United States some compression springs are designed on the basis of
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a torsional yield stress of 165,000 lb/in. 2 with materials havlng a tor-

2nional yield stress of only 140,000 lb/in. thus taking advantage of the

residual stresses of the setting operation.

It appears, therefore, that the Soviet technique in spring design is

to select an unusually high strength material (tensile ultimate of approxi-

mately 320,000 1b /n. 2 torsional yield of approximately 150,000 lb/in.2),

and then to work to a design stress about 20 per cent in excess of the tor-

sional yield in order to take full advantag of the residual stresses re-

sulting from the setting operation in manufacture.
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PART II

REPORT ON THE SOVIET 37MMN AUTOMATIC-AIRCRAFT GUN

I. PHYSICAL CHARACTERISTICS OF 37MM N GUN

A. General

It is assumed in this report that the 37,M X Gun is identical in

kinematic principles with the 37nm and 23mm Y Guns. The imprint in the

section of fairing recovered from the Soviet MIG-15 fighter indicated that

the recoil spring was mounted forward around the barrel as on the 23m N5

Gun, rather than within the receiver as on the 37nn ME Gun. The recoil

systems and the ammunition constitute the main differences between the 37tm

Guns. The smaller propelling charge used in the 37-m N Gun makes it pos-

sible for all of the gun structure to be lighter because of the smaller

loads it must withstand. The shorter cartridge and the smaller energy in-

put to the 37= N Gun makes possible a shorter bolt stroke and recoil stroke,

and these factors lead to a higher cyclic rate. The gun portrayed in Figs.

3 and 48 conforms to all known data about the 37uM N Gun and in theoretical-

ly capable of delivering the perTormance listed on page 4, about 2400 fps

muzzle velocity, with a cyclic rate of from 400 to 450 rounds per minute.

A cartridge case, amunition belt link, and an AFI-T projectile

for this gun were recovered and appear in Fig. 37. The wind screen is re-

moved from this projectile. The muzzle velocity of the projectile was

computed by matching its drop with the drop of the 231m NS Gun projectile

out to 1200 yards asst.ng an altitude of 30,000 feet and a forward air-

plane velocity of 600 mph. It was deteruined that the cartridge case has

sufficient capacity for propellant to produce the required muzzle velocity,

although the exact powder composition could not be determined.

Mounting provisions are assumed to be similar to those for the

23mm and 37= N Guns.
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B. Basic Gun Data

Physical data of the gun illustrated in Fig. 48 are shown below.

Items designated by an asterisk are those for which physical evidence exists.

All other data are deduced or computed from the hypothetical design.

Weight of gun (with pneumatic line assembly,

solenoid, and valve,) lb 300

'eight of pneumatic line assembly lb 3-1/2

Over-all length of gun, in. 9.-3/4

Over-all height of gun, in. 9-1/8

Over-all width of gun, in. 14

Length of barrel, in. 62

Weight of barrel, lb 73

Weight of recoiling parts (including bolt), lb 142

Weight of bolt assembly, lb 15.3

Weight of feeder assembly, lb 39.3

Weight of sear mechanism, lb 7

Muzzle velocity (HEI-T), fps 2400

Muzzle velocity (API-T), fps 2340

Rate of fire (fixed gun, free firing), rpm 40o-45o

Ma-imum trunnion reaction, lb (See Section VII) 6000+

Riflin (Assumed identical to 37mm NS rifling)

No. of grooves 16

Depth of grooves, in. 0.018

Width of grooves, in. 0.191

Width of lands, in. 0.097

Twist (uniform, RH) approx. 1 turn in
30-1/2 calibers (6*)

Length, in. ~ STARMOUR dSUARCH FOUNDATION OF ILLINOIS T UT9 OF TEC'INOLOGY
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Bore of Barrel

Across rifling lands, in. 1.460

Across rifling grooves, in. 1.496

Travel of projectile in barrel, in. 55.75

Springs (Only main operating springs are included)

Drive Spri (four strand)

Outside diameter, in. 1-1/8

Free length, in. 40.O

Number of coils 66

Diameter of wire, in. (four strands) 0.240

Rate, variable: ib/inl, See Fie. 3-0

Feeder Spring., Outer

Outside diameter, in. 1-15/16

Free length, in. 8-7/8

Number of coils 14

Diameter of wire, in. 0.355

Rate, lb/in. 426

Feeder Spring, Inner

Outside diameter, in. 1-3/16

Free length, in. 10-1/4

Number of coils 28

Diameter of wire, in. 0.175

Rate, lb/in. 48-1/2

Recoil Spring, Main

*Outside diameter, in. 4.25

Free length, in. 20.63

ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTE OF TECHNOLOGY
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Nutber of coils 16

*Diameter of v rve, in. 0.568

Rate,, lb/in. 204 .8

Recoil Spring. Secondary

Outside Me ter, in. 3.87

Free length, in. 15.3

Number of coils 12

Diameter of wiret in. 0.50

Rate, lb/in. 203

Diameter of charingu pixtom (bolt, in.) 1 9/16

Diameter of charging pisto. (feder, in.) 2-9/16

C. Ammunition Data A .

*Over-all length of cartridge, in. 11.18 11.4

*Length of projectile, in. 6.56 7.0

*Length of cartridge case, in. 6.06 6.06

*Diameter of projectile over rotating

baM, in. 1.469 1.469

Diameter of projectile over bourrelet, in. 1.457 1.457

Weight of complete zounc, lb 2.79 2.71

Weight of projectile, lb. 1.694 1.61

*Weight of cartridge case, lb 0.88 0.88

Weight of propellant, praine approx. 1938 1938

Capacity of cartridge case (to base of

projectile) cc 159 159

Density of loading; volume basis unknown
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Density of loading, weight basis,

gram/cc, assumed 0.79 0.79

WeiGht of belt link, lb 0.25 0.25
a

II. DESCRIPTION OF THE GUN ACTION

The hypothetical design for the 37m N Gun as shown in Fig. 43 has

firing and charging actions identical to those described for the 37=u IM

Gun in pages 8 through 12. Schematic diagrams illustrating the operations

of both the firing and charging cycles appear in Fig. 49 and 50.

III. KINEMATIC ANALYSIS

A. Introduction

The purpose of this analysis is to detezmine the approximate per-

formance of the Soviet 37bm N Gun. The method of analysLs is identical

with that used for the Soviet 37mm IM Gun, which is presented earlier in

this report, therefore only a minimum of detail will be presented here.

B. Nomenclature

The nomenclature is identical to that used for the analysis of the

Soviet 37rm NS Gun.

C. The Recoil and CounterrecoilCycle

The recoil and counterrecoil cycle was divided into the following

phases:

1. Recoil from battery position to bolt contact with accelerator.

2. Recoil during bolt contact with accelerator.

3. Remainder of recoil.

4. Counterrecoil to end of contact with secondary recoil spring.

5. Counterrecoil from end of contact with secondary recoil spring

to contact with counterrecoil buffer.
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Fig. 41 LINK FOR SOVIET 37 MM N GUN
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6. Counterrecoil from contact with counterrecoil buffer to feeder

sear release.

7. Remainder of counterrecoil.

Only the first six phases were analysed because phase 7 does not

have any influence on cyclic rate.

As there was no complete round available and the exact barrel

length was unknown, the value for initial recoil velocity was computed by

the same semi-empirical formula which was used in the analysis of the 37Mn

NS Gun.

w v +470 w0
x ~ zLX0  Wx + Wz

21=1 value for mnzle velocity wm computed as explaied an paps 75j,

and the propeflamt weight was asemed to be that which would give a density

of loading casrable to the 37i Hs and 23= M weapons.

1.694 (2W + 4700 (.277)
0 126.2 + 15.33

x 0 37.8 fps.

The kinetic energ in the recoiling mass at the start of recoil is

'E. + 0 1/2 (126.2 + 15.33) (37.8)2
X +32.2

KIE5x + z = 3150 ft-lb.

It was necessary to assume relative displacement curves for the

various component parts. Considering the caliber, length of round, probable

length of recoil, and similar curves for the Soviet 37mm NS and 23,m N

Guns, the curves in Fig. 52 were dravn. Although these curves are arbi-

trary, the amount by which they may be in error should not have a sigifi-

cant effect on the cyclic rate.
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1. Phase 1

This phase begins when the gun is fired and ends when the bolt

mnahes contact with the accelerator. The recoil spring, the bolt drive

spring, the feeder spring and the hydraulic buffer are acting to resist

recoil during this phase.

The recoil displacement, x, varies from x a 0 to x = 1.5

inches. The energy stored in the recoil spring is

E xi 138 ft-lb.

The bolt displacement varies from z = o to z = 1.5 inches.

The energy stored in the bolt drive spring is

E = 22.1 ft-lb.

The energy removed from the recoiling parts to operate the

feeder is

El =234 ft-lb.y1

The energy put into the hydraulic buffer is aBssed at 900.0

ft-lb. The kinetic energy of the recoiling parts at the end of phase 1

is

K.E. x + K.E.zl = 3150 - 138 - 22.1 - 234 - 900.0 - 1856 ft-lb.

2. Phase 2

During this phase of recoilo the bolt is unlocked from the

barrel extension by the accelerator and continues to its rearmost position

where it rebounds and is seared. The recoil spring, the bolt drive spring,

and the feeder spring store energy. The kinetic energy imparted to the

bolt by the accelerator in excess of the kinetic energy which the bolt had

at the start of this phase is neglected, because there is no way to deter-

mine iz directly and its order of magnLtude is small.
ARMOUR RGSCARCI FOUNDATION O1: ILLINOIS INSTITUTS: OF T;Ci4NOLOeY
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The hydraulic buffer acts during the first 1/2 inch of travel

in this phase, absorbing an assumed 150 ft-lb of energy.

The recoil displacement during phase 3 varies from x - 1.5 to

x = 4.75 inches. The energy input to the recoil springs is

E a 430 ft-lb.

The bolt displacement varies from z = 1.5 to t = 7.1 inches.

The energy stored in the bolt drive spring is

Ez2 :r 118 ft-lb.

As this energy is supplied through the accelerator, the energy removed from

the recoiling mass, considering the accelerator efficiency,

118

The kinetic energy which the bolt must have to compress the bolt drive spring

the required amount and sear properly is also removed from the recoiling

masses. The kinetic energy of the bolt at the end of phase 2 Is

KJ. " 127 ft-lb.

TUe energy taken from the recoiling parts for feeder operatiom

during phase 3 is

E' 648 ft-lb.y2

The kinetic energy of the recoiling parts at the end of phase 3 is

K.Zo x, 1856 - 430 - 346 - 127 - 648 - 15o - 155 ft-lb.

3. Phase 3

This phase begins where the bolt leaves contact with acceler-

ator and ends at the maximum recoil position. It is ausumed that In addi-

tion to the main recoil spring, a secondary recoil spring (See page 6) starts

to function at the start of phase 3, and acts during the reminder of recoil.

The recoil displacement varies from x a 4.75 to x m 5.29 inches.
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The time required for the recoil stroke of the cycle may now

be calculated by assuming linear varition of kinetic energy dw-ing the

various phases (Fig. 53) as in the 37=a NS analysis. The time for the re-

coil stroke is 0.0271 seconds.

4. Phase 4

This phase of counterrecoil begins at x a 5.29 and ends at

x = 4.75 where the comtervecolling parts leave the secondary recoil spring.

All the potential energy removed from the recoil springs is converted to

kinetic energy. The kinetic energy of the coimterrecoiling parts at the

end of phae is

,x.A - 159 ft-lb.

5. Phase 5

ThLs phase begins at the point where the counterrecoiling

parts leave the seccndary recoil spring, and ends where the counterrecoil

buffer starts to act.

The displacement varies from x 4 .75 to x - 2. All the po-

tential energy removed from the recoil spring is converted to kinetic

energy. The kinetic energy of the counterrecoiling parts at the end of

phase 5 is

K.E. 530 ft-lb.x5

6. Phase 6

This phaase begins where the counterrecoil buffer makes contact

with the counterrecoiling parts and ends where the feeder sear releases.

The displacement varies from x = 2 to x m 0.8., whereupon the

feeder sA'ir releases. It is assumed that only 20 per cent of the energy

available at the end of this phase appears as kinetic energy, due to the

ARMOUR R9;CARCI4 POUNDATION OF iLLINOIS INSTITUTE OF T6CINOLOSY
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action of the counterrecoil buffer. The kinetic energy of the countenecoil-

Ing parts at the end of phase 6 is

K.E.x6 - 131 ft-lb.

The time for the countezwecoil stroke may now be calculated in

the same way as for the recoil stroke, that is, by assuming linear energy

variation during the various phases as shown In Fig. 54. The counterrecoil

time was found to be 0.0354 seconds.

D. The Feeding Motion

It was assumed the feeding time is the same as for the 37as IM

Gun, (0.026. seconds).

E. Bolt Ramming Time

The bolt ramming time was calculated in the same way as for the

37= IS Gun and was found to be 0.0515 seconds.

F. Qclic Rate

The cycle time Is .140 sec which comspo ds to a cyclic rate of

4&29 rpm

0. Trunnion Reaction

The maximum trumion reaction of this weapon is equal to the sum

of the forces exerted by the two recoil springs, the bolt drive spring, and

the buffer spring at the instant the kinetic energy in the bolt has been

absorbed by the buffer. The recoil apring and drive spring forces may

readily be computed, however., the buffer spring force is a function of' the

velocity with which the bolt strikes the buffer.

The assumptions made yield a bolt velocity of 5 fps at the time it

strikes the buffer, therefore the energy which the buffer spring must absorb

is

ARMOUR REIEARCH FOUNDATION OF ILLINOIS INSTITUTI OF TECHNOLOOY
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K.E. = /2 12 3 2 5.95 ft-lb

Then if k is the buffer spring rate and u the buffer spring de'flec-

tion

K.E.z3 =1/2k 2
I

or

71.4 £ u2 (assuming a buffer of force characteristics2

equivalent to that on the 23nm NS Gun)

from which

u a .038 in.

and the buffer spring force is

=u 3710 lb.

The recoil spring force at this instant is

F = 1920 lb.

The bolt drive spring force is

Fz = 396 lb

and the total reaction is

F WF u +F z +F x a6026 lb.

It must be noted that this force can be greatly in error, depending

upon the accuracy of the assumption for bolt velocity striking the buffer,

and buffer spring rate, both of which have been arbitrarily assumed. The

maximum force as given in the above computation is in effect only for a

very short time interval, and drops to a much lower value as soon as the

kinetic energy in the bolt has been transmitted to the buffer.
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IV. CALCULATION OF PRESSURE-TIME AND PJESSURE -TRAVEL

CURVES

It was necessary to verify the assumption that the required muzzle

velocity could be obtained with the length of barrel shown in Fig. 48j

with the weight of the pyojectile Imown and an assumed weight of propellant

based on a density of loading similar to the 23 and 37=m M Guns. By the

method described in the analysis for the 37zi NS Gun, page 70 the curves

in Figs. 5 5and 56 were drawn. These curves are reasonable, and it is con-

cluded that the muzzle velocity required can be attained with the projectile,

propell.nt weight, and barrel indicated.
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